Dementia directly influences the quality of life of a person suffering from this chronic illness. The caregivers or carers of dementia people provide critical support to them but are subject to negative health outcomes because of burden and stress. The intervention of mobile health (mHealth) has become a fast-growing assistive technology (AT) in therapeutic treatment of individuals with chronic illness. The purpose of this comprehensive study is to identify, appraise, and synthesize the existing evidence on the use of mHealth applications (apps) as a healthcare resource for people with dementia and their caregivers. A review of both peer-reviewed and full-text literature was undertaken across five (05) electronic databases for checking the articles published during the last five years (between 2014 and 2018). Out of 6195 searches yielded articles, 17 were quantified according to inclusion and exclusion criteria. The included studies distinguish between five categories, viz., (1) cognitive training and daily living, (2) screening, (3) health and safety monitoring, (4) leisure and socialization, and (5) navigation. Furthermore, two most popular commercial app stores, i.e., Google Play Store and Apple App Store, were searched for finding mHealth based dementia apps for PwD and their caregivers. Initial search generated 356 apps with thirty-five (35) meeting the defined inclusion and exclusion criteria. After shortlisting of mobile applications, it is observed that these existing apps generally addressed different dementia specific aspects overlying with the identified categories in research articles. The comprehensive study concluded that mobile health apps appear as feasible AT intervention for PwD and their carers irrespective of limited available research, but these apps have potential to provide different resources and strategies to help this community.
Introduction
Dementia is considered as one of the most challenging conditions in older people that affects not only the people with this chronic illness but also their nonprofessional or informal caregivers. It is a complex syndrome with progressive decline in cognitive functioning such as thinking, remembering, and reasoning [1] . National Institute on Aging (NIA) stated that dementia is a brain disorder that disturbs the cognitive and behavioural abilities to such an extent that it hinders a person's daily living activities [2] . A study [3] Prince et al. [4] also projected the risks of rise in dementia cases from 65.7 million to 115.4 million in the duration of 2030 to 2050. The current and future estimated ratio of PwD in developing countries (low-and-middle-income countries (LMIC)) is greater than in developed countries (high-income countries (HIC)). Approximately 58% of the total PwD cases in 2010 were from developing countries (LMIC) and were estimated to upsurge to 70% in 2050. The total number of dementia people (in millions) in HIC vs. LMIC (from 2001 to 2050) is exemplified in Figure 1 by using the statistics of Ferri et al. [3] and Prince et al. [4] . Although many health organizations approved different kinds of medications for the treatment of mild to moderate dementia disease, still these medicines do not cure, reverse, or tackle the underlying root problem causing dementia. Additionally, dementia treatment consumes a large number of resources and money [5] . The treatment cost increases with the severity of dementia [6] . Moreover, PwD need care as per their severity level and the majority of which is provided by their family members who are usually inexpert for this demanding role. Family members are commonly considered as the main source of providing physical, emotional, social, and financial support, due to which they encounter different challenges like anxiety, depression, hopelessness, and poor quality of life [7] . Therefore, in the absence of a cure and limited care skills of caregivers, more advanced strategies need to be developed to maximize the quality of life and promote the independence of high need and high-cost dementia patients [8] .
In this context, the assistance of technology offers much potential and can improve the quality of life of people with dementia and their informal caregivers [9] . Recent initiatives in smart devices (i.e., smartphones, portable workstations, tablets, etc.) have made mobile applications a promising source for engaging people in healthcare [10] , particularly PwD with high healthcare needs [11, 12] . Mobile Health, aka mHealth, is the provision of a healthcare facility to people by using a mobile device. Approximately over 50,000 medicine related applications are available for mobile devices and the majority of these applications are free [13] . Researches [14] [15] [16] [17] [18] [19] [20] indicated that PwD can use touchscreen devices easily, and this technology is able to provide a wide range of benefits to them and their caregivers. It makes a valuable opportunity for developers to deliver a meaningful app by adding engaging activities for such people to live their life more independently.
The aim of this paper is to provide a comprehensive review of existing research that supports the evidence of using mHealth applications in dementia healthcare. The research paper is organized as follows: next section provides the background research on dementia and the role of assistive technology in dementia healthcare. Then, the underlying methodology of the research is presented and followed by the existing research studies about mHealth apps used for dementia healthcare. Afterwards, currently available smartphone apps in Android and iOS markets were listed. The paper closes with the conclusion.
Background and Related Work
Familiarity with dementia history is essential for health professionals, informal caregivers, and health policy makers. It is also important because dementia cases are elevating significantly with every passing year and intensifying the use of national resources. Roberts and Caird [21] made a correlation of Crichton Geriatric behavioural rating scale [22] with their own dementia rating scale and divided subjects into four major categories as shown in Table 1 . Later on, the global numeric scale was devised [23] to quantify the severity of dementia symptoms and was termed as a clinical dementia rating (CDR) system. The cognitive and functional performance of patient screened in six areas, such as memory (M), orientation (O), judgment and problem solving (JPS), Definite memory impairment, but also the difficulty of self-care.
community affairs (CA), home and hobbies (HH), and personal care (PC). At the end of the screening, patients were assigned with a rating ranging from 0 (normal) to 3 (severe dementia).
As far as the connection of cost-dementia severity is concerned, Jönsson and Wimo [24] estimated that the cost associated with the care of dementia patient escalates with the severity of the disease. The findings of world Alzheimer report 2015 [25] also mentioned an increment in global cost of dementia by 35% in duration of 2010 to 2015 due to increasing dementia population and the cost of per person treatment. It is observed that carers such as family members play a pivotal role in providing the caregiving facility to PwD. This chronic disease directly influences the quality of life of a person, his/her family, and caregivers. The ratio of dementia people living in homes is higher as compared to hospitals or healthcare centres [5] . The patients living at home require extra care and monitoring [26] due to which the quality of life and psychological health of caregivers is compromised a lot [27] . To overcome this challenge, it is essential to reduce the need for the physical presence of a caregiver and still providing constant monitoring.
No doubt technology can assist in healthcare [28] [29] [30] [31] [32] , but choosing the appropriate AT in dementia healthcare is challenging and the nature of dementia can also make a person with dementia or carer cautious or suspicious of using newer devices. In this regard, McCreadie and Tinker [33] surveyed older people (aged 70 years or above) with mild to severe mental impairments for witnessing their experience and acceptability to a wide range of ATs. Results showed the endorsement of participants towards the contribution of assistive technologies in assisting them with daily life activities and this AT promotes independence among many older people with impairments. Similarly, smart technology, i.e., smartphones and/or tablets, can also act as a potential alternative for providing healthcare solutions to dementia patients and caretakers, also known as mHealth [34] . Studies [35, 36] affirmed that smartphones or tablets are the potential solutions to meet the demands of PwD by providing simple interactive features such as a touchscreen, motion detection using motion sensors, and voice recognition. It also gives them feelings of relaxation and recreation. The qualitative exploratory study [37] was performed to find the support of touchscreen devices (e.g., phones and tablets) for people with dementia. During the sessions, it was observed that PwD have the capability of learning new skills via several coaching interventions and have proficiency in comprehending new technologies. It is also expected that self-management abilities among dementia sufferers can increase by using such apps.
Many mobile applications are incorporating the strategies defined by Alzheimer disease international (ADI) for improving healthcare facility of dementia people; the strategies are as follows [38] 
Research Methodology

Research Questions.
The comprehensive review aims to identify, appraise, and synthesize the existing evidence on the use of mHealth apps as dementia healthcare solution for PwD and their carers by answering the two following questions:
(1) What types of mHealth apps are available for people with dementia and how do these apps help them in daily living? (2) What is the contribution of mHealth apps in supporting informal carers of people with dementia?
Study
Design. This study is followed by two main approaches for the evaluation of mHealth apps available for PwD healthcare and their carers.
(a) The first approach is the comprehensive review of existing literature about mHealth apps used for dementia healthcare.
(b) The second approach is an identification of existing mHealth dementia apps that are commercially available in smartphone stores. Table 2 .
Literature Search and Selection Approach
Literature Inclusion and Exclusion
Criteria. In this comprehensive study, we included peer-reviewed, full-text articles published in English during last five years (from 2014 to 2018) and aimed to identify such studies that specifically assessed the implementation of using mHealth based apps on PwD and the caregivers. The initial searches based on keywords and search terms yielded a total of 6195 research articles including 1650 from MEDLINE5, 249 from PubMed, 1532 from SAGE, 682 from IEEE Xplore, and 2082 from Science Direct. The first step after the initial search was an exclusion of duplications, and 970 articles were excluded. Remaining research articles were screened by their title and abstract. We excluded 5060 articles due to lack of relevance in the title and/or abstract. After applying inclusion/exclusion criteria at the abstract level, 165 full-text articles were reviewed to check the appropriateness for inclusion; see Figure 2 for inclusion criteria. For the full-text articles, we rejected 148 that did not match with our interest scope. We shortlisted 17 publications reports on the intervention of dementia apps. These included studies piloted and evaluated for their effects on dementia patients and their carers. All these shortlisted articles recorded useful information regarding mHealth applications in dementia healthcare; therefore, these are included in the review.
Literature Data Synthesis.
After the shortlisting of research articles, the data is extracted and systematically organized on the spreadsheet. It is then compared to find out correlations between studies. This process results in an identification of categories and subcategories of mHealth applications for PwD and their caregivers as shown in Table 3 . apps generated from search keyword, as these are the prominent available features at the search result screen of two selected app stores. At first stage, a total of 58 applications were excluded from both mobile app stores due to lack of compliance with our inclusion criteria 1 and 6; see Table 4 for details of inclusion and exclusion criteria. AsiOS App store does not show download counts, so we included apps as per the inclusion criteria 1-4 of Table 4 . The complete inventory of shortlisted commercial apps is listed in Table 5 . In comparison to generic mHealth apps, the availability of mobile apps geared towards dementia healthcare for both PwD and their caregivers is relatively sparse with 35 apps by applying inclusion/exclusion criteria. The selection process of mHealth based apps for dementia care is illustrated in Figure 3 . After the shortlisting of apps, it is observed that existing apps generally addressed different dementia specific aspects which are overlying with the identified categories of mHealth apps in research articles (see Section 3.3.3 for categories and subcategories details).
Results
Literature Review of mHealth Apps Used in Dementia
Healthcare. Of the seventeen (17) included articles in this review, seven (07) articles involved tablet assistance, two (02) focused on using only mobile devices, and seven (07) research articles used both tablets and mobile devices for mHealth. However, one study used a smart watch device with the smartphone.
All cited studies used smartphones and tablets running iOS and Android operating systems. Regarding the categories of studies as mentioned in Table 3 , five (05) studies piloted and evaluated the usability of mHealth applications from cognitive training and daily living category [40] [41] [42] [43] [44] , five (05) studies were from screening of dementia category [45] [46] [47] [48] [49] , one (01) study combined cognitive training and screening of dementia categories [50] , three (03) studies were from health and safety monitoring category [51] [52] [53] , two (02) studies were from leisure and socialization category [54, 55] , and one (01) study covered navigation section [56] . The data extracted from research articles are study, study type, study aim, study methodology, technology type (i.e., mobile, tablet, etc.), participants in the study, location, study outcome, application name, application features, and category of study as shown in Table 6 .
Category 1: Cognitive Training and Daily
Living. The first category outlines different strategies to help cognitively impaired dementia people. The included studies in this category identified six (6) subcategories, i.e., memory, communication, logical thinking, attention, language abilities, and schedule. Three studies [40] [41] [42] used smart devices (i.e., tablets, smartphones, and smart watches) with already installed applications. Kong et al. [40] conducted sessions for PwD to address four major cognitive domains, i.e., language, visual-spatial, memory, and problem-solving. The participants rated apps on a scale of 1 to 5 at the end of the session. This exploratory study stated that apps with simple activities are more usable, whereas an app with confusing directions and complex vocabulary resulted as least usable among PwD. Likewise, other user-centred design methodologies [41] addressed communication and scheduling cognitive domains by including smart watch and smartphone device to support dementia people and their caregivers. This study concluded that cognitive training based mHealth apps provide a promising environment for PwD to perform better in their daily routine, whereas orientation feature has more usability and usefulness to carers. Vahia et al. [42] also investigated the feasibility, usability, and safety of tablet apps in managing agitated behavioural symptoms among PwD. The 70 installed apps are reviewed and rated as per complexity score ranging from 0 (less complex) to 10 (highly complex). (ii) Questionnaire to determine the familiarity of the participant with technology.
(iii) Finalize the apps based on a questionnaire. No difference in caregiver burden and perceived self-efficacy.
Moderate frequency of use, and high willingness to purchase. (ii) Compare before and after use of the tablet on well-being.
Navigation
(iii) The qualitative data collected during interviews was analysed using thematic analysis. Mann-Whitney U tests were significant for CDR = 0 versus 0.5, and CDR = 0 versus 1. Confirmation of the four-factor model by Confirmatory factor analysis (CFA). (ii) Simple scoring mechanism. [43] used cognitive stimulation technique to involve dementia people in cognitive activities and social functioning, i.e., the conversation about childhood, puzzles, or memory activities. This study used "Wizard-of-Oz" setup to support elderly people with CDR less than 3. The experiment involved human wizards (informal carers) with previous experiences of providing cognitive stimulation on a human-to-human basis. The human wizard was responsible to understand the natural spoken language of the dementia patient and respond through prespecified text templates provided by an app. The off-the-shelf text-to-speech software converted the text response of wizards into speech. Boyd et al. [50] developed EnCare diagnostics (ECD) app and brain fit plan (BFP) app and evaluated the usability on healthy and cognitively and physically impaired older adults. The EnCare diagnostics (ECD) app is used to access the cognitive state of individual (discussed in screening category) while brain fit plan (BFP) is used to suggest PwD different tasks to perform daily. Tyack et al. [44] performed an exploratory study to check three cognitive domains, i.e., stimulation, remembering, and attention of PwD. They developed an art viewing app to display paintings and photographic images of historic places. The quantitative and qualitative findings of study approved touchscreen-based art interventions as wellbeing benefits for PwD.
Screening
Category 2: Screening. Screening technology is intended to help elderly people by giving them an early awareness of any symptoms that may lead to cognitive impairment. It is also helpful for carers by identifying the risks of dementia among their family members. Dementia detection and cognitive screening based subcategories emerged from the selected articles. Two articles [46, 49] are focused on predicting the risk of dementia among people by using the mobile app. The earliest of these two articles [46] developed an app to predict the late-life dementia risks based on CAIDE (Cardiovascular Risk Factors, Aging, and Incidence of Dementia) risk score, whereas Shibata et al. [49] developed an mHealth app with natural language processing (NLP) technique to detect the dementia symptoms as the change in language ability is considered as one of the early signs of having dementia. The app examines the free narrative speech of a person and calculates four language abilities such as the number of words in speech segment (tokens), the number of different words in speech segment (types), type-token ratio (TTR), and potential vocabulary size (PVS). The results validated significant difference in language ability between PwD and healthy elderly people.
Four (04) studies [45, 47, 48, 50] designed and developed cognitive screening of dementia apps. MOBI-COG app [45] allowed people to take dementia screening tests at home by incorporating convenient, automated, and easy measures to administer features. The user is asked to perform three tasks, i.e., remembering words, clock drawing, and recalling words and at the end displays an automated assessment of these tasks. The experimental setup involved normal people while the other three included articles [47, 48, 50] included dementia people to validate the effectiveness of mobile app as a screening application. Zorluoglu et al. [47] proposed a mobile cognitive screening (MCS) app. This app featured 33 tests in fourteen (14) different types for the assessment of cognitive functions. The eight (08) targeted cognitive functions are memory, attention, language, orientation, arithmetic, visual, abstraction, and executive functions. To check the effectiveness of MCS test, all participants in this study are tested by using this app and Montreal cognitive assessment (MoCA)-an eminent assessment technique for cognitive screening-to compare the results of two tests. The scores of the same participants revealed the correlation between MCS and MoCA score. Another study [48] also used touchscreen tablet-based mHealth app to identify early cognitive impairment in older adults. This study concluded that the cognitive battery test is a cost-effective solution for the screening of early MCI and AD among dementia people. However, Boyd et al. [50] developed EnCare diagnostics app to access the cognitive state of individuals with dementia. The app is proposed as an alternative to the mini-mental state examination (MMSE) which is another well-known cognitive screening test. The participants of this study stated limitations in using BFP, a cognitive training based mHealth app as explained earlier in category 1, but they showed a positive response in using ECD.
Category 3: Health and Safety
Monitoring. The third category incorporates the monitoring of health and safety conditions of dementia patients. Based on our included studies, this category is subdivided into two subcategories: fall detection and emergency help. For emergency situations, two apps [52, 53] help in assessing the pain of elderly dementia patients. Pain Assessment app [52] is designed and developed on the basis of the Abbey pain scale (a one-minute pain assessment questionnaire for people with severe dementia), whereas PainChek6 [53] is also used to access the pain by incorporating 42 items from 6 different domains (face, voice, movement, behaviour, activity, and body). Smartphone camera at front-end and artificial intelligence (AI) algorithm at the back-end are used to detect the facial expressions of dementia patient from already classified nine (09) facial expressions. The other five (05) domains required manual input from the user. After the completion of input in six different domains, the app generates a numerical pain score ranging from no pain (Score: 0-6) to severe pain (Score ≥16). These studies postulated that mHealth tools are useful in the prehospital settings and emergency situations and these apps have a potential to transform the pain assessment of PwD who are unable to communicate and express their feelings to others.
On the other hand, Bayen et al. [51] provided safety monitoring app to detect the falls of a dementia patient in a care facility. The experimental setup used wall-mounted cameras to record the falls and smartphone device for continuous checking of PwD. The smartphone-based app featured live video view from mounted cameras and video review service to staff of care facility to ensure the better quality of care provision. This observational pilot study concluded that video review facility is helpful in screening the severity of falls and injuries occur due to falls. The study also highlighted that video replay can be helpful in identifying deficiencies of cognitive behaviour and environmental circumstances contributing to the fall.
Category 4: Leisure and Socialization. This category "leisure and socialization" of included studies provides reminiscence and socialization therapy to PwD. mHealth based app InspireD [54] investigated the effects of reminiscence activity on PwD. The main functions of the app are the following: (1) to bring people living with dementia and their caregivers together and (2) to store generic and personalized memorabilia in the form of audio, video, and photos. This feasibility study showed that PwD interacted with this app more than their caregivers in reminiscence section. Additionally, dementia people preferred to view personalized multimedia content than generic videos or photos. Welsh et al. [55] designed and developed mobile and tablet-based app Ticket to Talk to promote intergenerational interactions between young relatives and dementia individuals. The application is evaluated through the trials of two families, a care home and an elder people group. The thematic analysis of obtained data from participants revealed that Ticket to Talk promotes and manages reminiscence and helped young people to start and maintain a conversation.
Category 5: Navigation. The last category relates to providing "navigation facility" and it is very useful for caregivers as they can track the location of patients. A pilot study [56] presented the mobile-based locating system with four major functions: locating, call, alarm, and hotline, and two subfunctions: zone mapping and zone sharing. The outcomes of the proposed application are measured in terms of usability and rating of app features. The usability score decreased over time due to technical deficiencies of a prototype system. Regardless of the technical discrepancies, it is noticed that PwD and their caregivers are more receptive about the assistance of mHealth technology in home dementia care. It is also found out that male caregivers were more willing to purchase this prototype than female caregivers.
Existing mHealth Based Commercial Apps Used in Demen-
tia Healthcare. Out of 35 identified mHealth dementia apps, eleven (11) apps belong to cognitive training and daily living category, four (04) apps are from screening category, four (04) apps are from health and safety monitoring category, six (06) apps are from leisure and socialization category, one (1) app is from navigation category, and nine (09) apps are for the support of carers. The following data are extracted from apps: app name, app release year, app rating (if any), app review count (if any), platform, the app offered by, app category, privacy policy (provided or not), and features of apps. The details of identified apps from Android and iPhone platforms are mentioned in Table 7 .
Discussion
mHealth has become the fast-growing assistive technology that supports the broad range of healthcare services including mental healthcare [57] . The mHealth applications for dementia are divided into two broad categories:
(1) Apps used by dementia sufferers for the improvement in their quality of life (2) Apps used by the health care providers (health professionals or informal caregivers) to perform a variety of functions or services for PwD
The aim of this comprehensive study is to identify, appraise, and synthesize the existing evidence of using mHealth based dementia apps as a healthcare resource for people with dementia. Secondly, this study also contributes to finding out the influence of mHealth apps in supporting informal caregivers. In this study, seventeen (17) articles are reviewed and a total of thirty-five (35) apps are shortlisted. All included articles in this comprehensive study provided a clear description of the experimental methodology and outcomes of using mHealth apps for dementia people and their caregivers. The systematic data analysis of included studies and review of commercial apps resulted in the identification of five categories and subcategories of mHealth based dementia applications. These categories of dementia mobile applications can help in finding out the existing apps and planning of new mHealth based interventions for PwD and their carers. Regarding the participants of the included studies, seven (07) studies recruited PwD and their professional and informal carers, five (05) studies engaged PwD only, three (03) studies involved control groups (healthy older people) and PwD, one (01) study performed experimental study on healthy adults, and one study conducted a usability study on care professionals.
All articles are evaluated as providing useful and relevant information regarding mHealth apps in dementia care yet there were some limitations in the studies. Majority of these studies were focused on testing the feasibility and usability of existing or developed mobile applications for PwD. However, only one study adopted a user-centered design methodology in development of mobile application by involving dementia people. User feedback in a systemic manner can deliver an effective application as few studies highlighted the reluctance of moderate to severe CDR people in using assistive technology due to complex features of applications. Other than this, the most apparent gap in the literature is the lack of awareness or training applications for informal caregivers but the exploration of commercially available apps acknowledged in the availability of applications to support caregiver by providing knowledge about dementia healthcare.
This review concluded that the convenience and uniformity of using mHealth based dementia apps make it likeable to use by dementia people in daily routine. It is also validated that smartphone-based assistive technology is psychometrically valid in evaluating the cognitive skills of dementia people. The adoption of mHealth apps among dementia people is highly correlated with the simple features of apps and can be used as a nonpharmacological intervention. The (ii) Find dementia friendly places and leave reviews.
Leisure and Socialization
Yes
No data given BioMed Research International gradual improvement in the well-being of dementia people in daily living is witnessed by using mobile apps. The impact of well-being manifests in the form of their behaviour, emotion, cognition, and relationship with carers. It is found out that informal care places a high amount of mental, emotional, physical, and financial stress to the carers. Using a mobile app with navigation feature makes it possible to address one of the significant stress factors for carers, i.e., the disorientation of PwD while outside the environment. Similarly, the video monitoring-based applications have the tendency to provide a promising assistive tool to support carers. These apps with video monitoring help carers to detect any falls or accidents of PwD in daily living to prevent them from serious injuries. The care is less burdensome when carers have information and education about dementia so that the health-related problems of PwD are well managed and well addressed. Mobile apps make pain assessment process of dementia people simpler and easier. The tools are useful in emergency situations and have the capability to transform the pain of PwD especially for those who are unable to communicate or express their feelings to others. Many mHealth based apps are now working on understanding the language abilities of PwD so that the provision of better care and quality of life can be ensured. Lastly, this review also recommends that the quality of life of PwD can also be improved by using reminiscence therapy and socialization among family members and dementia people. It can be achieved by using such mHealth based dementia apps that engage dementia people in a series of daily living activities and provide carers with a starting point to make conversation with the dementia sufferer.
Limitations.
In this paper, only studies published in English during the last five years (from 2014 to 2018) of five databases were included which may not take account of papers published in other languages and other years.
Conclusion
The purpose of this comprehensive study is to identify, evaluate, and synthesize the existing evidence on the use of mHealth based applications (apps) as a healthcare resource for people with dementia and assistance to carers. A review of both peer-reviewed and full-text literature was undertaken along with mHealth based dementia applications from commercial mobile stores. The results of this review have identified five major areas of mHealth based dementia applications. To date, applications for dementia healthcare are used in cognitive training, screening, health and safety monitoring, leisure and socialization, and navigation. The cognitive training and leisure and socialization of PwD are attained by engaging them in a variety of activities in daily living such as memory, attention, logical thinking, scheduling, and communication. For informal caregivers, the applications are focused on providing awareness and education about dementia. The carer support in the form of navigation and health and safety monitoring is also noticeable in mobile applications. The purpose of mobile applications is to assist carers in understanding the dementia people with the objective of providing a better quality of life. This review concluded that mHealth based assistive technology has the potential to provide efficient healthcare facility to PwD and support caregivers as this technology provides simple interactive features and promotes independence.
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